
Ligation-Based Protocol for MicroRNA Amplification 

Gene-Z™: A Simple and Low-Cost Hand-held Platform for  

Measurement of MicroRNAs and Other Genetic Markers of Cancer 

Figure 1: Gene-Z™: Hand-held genetic diagnostics (LAMP or PCR), iPod user 

interface, disposable chips. 
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Gene-Z™ Platform and the Microfluidic Chip 

Figure 2: Testing components for the optical  setup (proprietary). (A) The 

time required for accurate measurement of each reaction in 64 reaction 

microfluidic chip is >0.1 seconds.  (B) This graph shows no difference in time 

to positive amplification when using $0.60 (50 mA) LED for excitation (Black) 

instead of $20 1000 mA LED (gray).   

Figure 3: A novel technique is used to hot emboss thin plastics 

with shelled features.   A microscopic image of channels is 

formed, and images of the chip loaded with varying dyes.   

Figure 5: Validation of Gene-Z . (A) 

Chips are shown with positive and 

negative reactions captured with CCD. 

(B) The ratio of fluorescein dilution signal 

over signal of wells without fluorescein 

tested with Bio-Rad (solid dots) and gene 

analyzer (open dots) shows similar 

response to increasing amount of 

fluorescein.  This data represents the 

average ratio of 3 different reaction wells. 

(C) The time until reaction is observed is 

significantly reduced using SYTO dyes 

compared to other fluorescence dyes.  (D, 

E) The starting copy number vs. time to 

positivity (TTP) is shown with error bars to 

represent standard error of six replicates 

performed on six separate microfluidic 

chips. (F) The results of Gene-Z with 

LAMP are shown with 64 wells 

simultaneously, each with the same 

starting amount of target gDNA.  

MicroRNA are small (~22 nucleotides in length), single stranded molecules that regulate gene expression 

post-transcriptionally. Changes in miRNA expression have been linked to cancer and other health related 

issues. Quantitative measurement of microRNA has become increasingly important in recent years due to 

their role in cancer diagnostics. MicroRNAs play a key role in cell functions including cell proliferation, 

differentiation and apoptosis. Important aspects of microRNA research includes the study of the up-regulation  

(over-expression and down-regulation (under-expression) of the copies of microRNA between healthy and 

cancerous tissue samples. Numerous studies have been completed that document these changes for various 

tissue samples and microRNAs.   

 

ABSTRACT: 

Currently available genetic analysis platforms are powerful but 

they are expensive and too complicated for use by non-experts. 

We have developed a small and low cost device, called the 

Gene-Z™, which is an isothermal genetic analysis platform 

operated by an iPod Touch or Google’s Android tablets. Features 

of the device include: i) simple microfluidic chips consisting of 

64-1536 wells of 1 ml each, ii) quantitative isothermal 

amplification of DNA[1],  RNA, and microRNAs, iii) 10-30 min 

assay time, and iv) potential for GPS and networking of multiple 

devices. Unique elements of the molecular approach include: i) 

simple modifications of microRNAs to be able to amplify and 

detect using loop mediate isothermal amplification, ii) use of 

highly specific genetic signatures extracted from a large number 

of allelic sequences, and iii) use of SYTO 82 dye [2] to track 

isothermal amplification (LAMP) using simple photodiodes. It is 

envisioned that the cost of the device will be less than $1,000 

with disposable chips ranging from $2-$20 based on the density 

and application. Because microRNAs are small, their detection 

and quantification is difficult. A novel approach employing 

extension of the microRNAs followed by specific amplification by 

LAMP was developed and validated under laboratory conditions. 

We have been able to consistently amplify 104-105 copies within 

10 min and 10-100 copies in less than 50 min. Amplification of 

DNA markers and mutation detection on the Gene-ZTM platform 

can be accomplished directly. Future research includes the 

validation of the approach developed for microRNAs and other 

cancer markers using clinical specimens to establish specificity, 

sensitivity, and other assay parameters. These assays for cancer 

markers using Gene-Z™ will allow rapid and low cost detection 

of established cancer markers under field conditions. 
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Figure 6: Concept of the ligation-based protocol  
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There is a current need for the development of new technologies to assist investigators in measuring 

microRNA. To detect and quantify microRNA with the Gene-Z device, a ligation-based protocol was 

developed that extends the length of the microRNA with a DNA strand for amplification with loop-mediated 

isothermal amplification (LAMP). Other applications of this protocol include the amplification of any genetic 

markers with sequences that are too short for amplification with LAMP. 

Table 1:  Examples of up-regulation and 

down-regulation of a few microRNAs from one 

study. The number of copies of the microRNA 

per cell was evaluated and the fold-change 

between them calculated. [1] 

Table 2: Number of copies of the microRNAs present in various healthy tissue samples. The ratios between 

these microRNAs were used as a reference for “proof of concept” testing. [2] 

Table 3: The let-7a microRNA was amplified with LAMP using 

different DNA extensions and the time to positivity was 

calculated.  

Table 4: Time to positivity for 15 of the most commonly studied 

microRNAs using S. enterica fliC DNA extension at 4x109 copies 

each.   

Future research for Gene-Z™ and the developed microRNA protocol includes: 
 

1. Validation of the approach using Gene-Z™ in a clinical setting to determine sensitivity, 

specificity, ruggedness, and limit of detection. Partnerships for clinical validation are 

desired. 

2. Validation of Gene-Z™ for other genetic cancer markers including 

               a. circulating tumor cells (CTCs),  

               b. known cancer-marking genes  - examples: 

                        i. BRCA1 – Marker of increased Breast Cancer risk 

                        ii. IGF1, CYP19 – Marker of increased prostate cancer risk 

                        iii. KRAS – Marker of increased ovarian cancer risk 

               c. mRNA cancer markers, examples - 

                        i. CEA, Mammoglobin – Marker of increased breast cancer risk 

                        ii. TSHR – Marker of increased thyroid cancer risk 

                        iii.. CD133 – Marker increased colon cancer risk 

               d. single-nucleotide polymorphisms (SNPs), and 

               e. other short target sequences 

Figure 7: (A) Signal to noise ratio plotted with time for ten-fold changes in copy 

numbers.  The lines are separated by a ten-fold change in copy number. (B) Standard 

curve between the TTP and copy numbers for interpolation use. (C) Comparison of 

Gene-Z™ technology to existing technology for the amplification of genetic markers. 

Gene-Z™ produces more rapid and sensitive results than existing methods. 
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